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VEHICLE WITH AC-TO-DC INVERTER
SYSTEM FOR VEHICLE-TO-GRID POWER
INTEGRATION

BACKGROUND

In the field of electric vehicles (EVs), hybrid electric
vehicles (HEVs) and plug-in hybrid electric vehicles
(PHEV35), there are many possible powertrains that may affect
awide variety of operating modes. For example, in the field of
HEVs alone, HEV powertrains may be constructed to affect
series, parallel, series-parallel modes of operation. In addi-
tion, certain of these modes may be constructed to operate
according to different policies,—e.g., charge-sustaining,
charge-depletion and the like.

In some of these vehicles, it may be desired to connect the
vehicle to an Alternating Current (AC) power line and to
transfer power to and/or from the AC power line to the
vehicle. This may be desired, in particular, with vehicles
owned and/or operated by the power utility companies—that
are tasked to go into the field to aid with repair, installation or
replacement with portions of the power lines.

SUMMARY

The following presents a simplified summary of the inno-
vation in order to provide a basic understanding of some
aspects described herein. This summary is not an extensive
overview of the claimed subject matter. It is intended to
neither identify key or critical elements of the claimed subject
matter nor delineate the scope of the subject innovation. Its
sole purpose is to present some concepts of the claimed sub-
ject matter in a simplified form as a prelude to the more
detailed description that is presented later.

Some embodiments of the present application provide for
Vehicles that are capable of connecting to the AC grid are
described that comprise a prime mover and at least one motor
generator. In one embodiment, a vehicle may be constructed
as a plug-in hybrid system and using the powertrain under
controller instruction to either place power on an AC power
line (to service AC grids) or to draw power from the AC power
line to add electrical energy to the batteries on the vehicle. In
some aspects, vehicles may test whether the power needed to
service the AC power line may be satisfied by the on-vehicle
batteries or, if not, whether and how much power to extract
from the prime mover. In some aspects, vehicles may have a
thermal management system on board to dynamically supply
desired heat dissipation for the powertrain, if the powertrain is
using the prime mover to supply power to the AC grid.

In one aspect, a vehicle for connecting to an Alternating
Current (AC) power line is disclosed wherein the vehicle
comprising: a prime mover; a first electric motor-generator,
the first electric motor-generator mechanically coupled to the
prime mover via a first clutch; a second electric motor-gen-
erator, the second electric motor mechanically coupled to the
first electric motor-generator; a battery, the battery electri-
cally coupled to the first electric motor-generator and the
second electric motor-generator, the battery capable of
receiving or supplying electrical energy to the first electric
motor-generator and the second electric motor-generator; an
inverter, the inverter electrically coupled to the first motor-
generator, the second motor-generator and the battery, the
inverter capable of connecting to an AC power line; and a
controller, the controller capable of supplying control signals
to the prime mover, the electric motor-generator, and the
electric motor such that the controller is capable of dynami-
cally affecting the flow of electrical power to or from the AC
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power line; wherein further the controller further comprises a
processor and a computer readable storage media, the com-
puter readable storage media comprising instructions that,
when read by the processor, causes the vehicle to perform the
following: receive signals correlating to the electrical load
demand on the AC power line; if the demand may be met by
the battery, supply electrical power to the AC power line from
the battery to one of the first and the second motor-generators
via the inverter; if the demand may not be met by the battery,
supply electrical power to the AC power line from the prime
mover to one of the first and the second motor-generators via
the inverter; and determine optimum efficiency of the prime
mover; and dynamically set operating characteristics of the
prime mover to substantially hold the prime mover on its Ideal
Operating Line (IOL).

In one aspect, a method for connecting a vehicle to an AC
power line is disclosed, where the vehicle comprises a prime
mover, at least one motor-generator, a battery, an inverter, a
controller; the controller comprising a processor and a com-
puter-readable storage media comprising instructions that,
when read by the processor, causes the vehicle to perform the
following steps: receiving signals correlating to the load
demand on the AC power line; determining if the vehicle is
capable of supplying a portion of the load demands on the AC
power line; if the portion of the load demand may be supplied
by the battery, supplying the portion of the load demand by
the battery; determining dynamically whether the portion of
the load demand is to be supplied by using the prime mover;
determining substantially the optimum efficiency of the
prime mover to supply the portion of the load demand; setting
substantially the operating characteristics of the prime mover
to supply the portion of the load demand; and dynamically
adjusting the operating characteristics of the prime mover
according to dynamic load conditions.

In one aspect, a controller is disclosed, the controller con-
trolling a vehicle connected to an AC power line, where the
vehicle comprises a prime mover, at least one motor-genera-
tor, a battery, an inverter; the controller further comprising a
processor and a computer-readable storage media comprising
instructions that, when read by the processor, causes the
vehicle to perform the following steps: receiving signals cor-
relating to the load demand on the AC power line; determin-
ing if the vehicle is capable of supplying a portion of the load
demands on the AC power line; if the portion of the load
demand may be supplied by the battery, supplying the portion
of the load demand by the battery; determining dynamically
whether the portion of the load demand is to be supplied by
using the prime mover; determining substantially the opti-
mum efficiency of the prime mover to supply the portion of
the load demand; setting substantially the operating charac-
teristics of the prime mover to supply the portion of the load
demand; and dynamically adjusting the operating character-
istics of the prime mover according to dynamic load condi-
tions.

Other features and aspects of the present system are pre-
sented below in the Detailed Description when read in con-
nection with the drawings presented within this application.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments are illustrated in referenced fig-
ures of the drawings. It is intended that the embodiments and
figures disclosed herein are to be considered illustrative rather
than restrictive.

FIGS. 1A and 1B show several possible embodiment of a
vehicle, as made according to the principles of the present
application.
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FIG. 2 shows one possible embodiment of a vehicle that
may control various aspects of heat management according to
the principles of the present application.

FIG. 3 shows an exemplary load power demand curve over
time.

FIGS. 4A and 4B depict operational scenarios and possible
operational states/modes of the vehicle, respectively.

FIG. 5 depicts one exemplary scenario for the vehicle to
attach to the grid and monitor and/or supply power to the grid.

FIG. 6 is one embodiment of a power mode operating
method and/or algorithm.

FIG. 7 is one embodiment of a thermal management oper-
ating method and/or algorithm.

FIG. 8 is one embodiment of a steam engine for recovering
some electrical energy from cooling.

DETAILED DESCRIPTION

As utilized herein, terms “component,” “system,” “inter-
face,” and the like are intended to refer to a computer-related
entity, either hardware, software (e.g., in execution), and/or
firmware. For example, a component can be a process running
on a processor, a processor, an object, an executable, a pro-
gram, and/or a computer. By way of illustration, both an
application running on a server and the server can be a com-
ponent. One or more components can reside within a process
and a component can be localized on one computer and/or
distributed between two or more computers.

The claimed subject matter is described with reference to
the drawings, wherein like reference numerals are used to
refer to like elements throughout. In the following descrip-
tion, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of
the subject innovation. It may be evident, however, that the
claimed subject matter may be practiced without these spe-
cific details. In other instances, well-known structures and
devices are shown in block diagram form in order to facilitate
describing the subject innovation.

INTRODUCTION

It may be desired to have an EV, HEV and/or PHEV vehicle
connect to an AC power line and transfer electric power from
the vehicle to the AC power line—as well as to transfer power
from the AC power line to the vehicle. In one example, power
utility companies own and operate fleets of vehicles to dis-
patch to the field and repair, install and/or replace parts of the
power lines and/or grid.

In many aspects of the present application, vehicles and/or
systems are disclosed that may be able to control the power
generation at a higher energy efficiency for energy transfer
from “on-board” vehicle liquid or carbon based fuel to elec-
tric energy (e.g., possibly to a power grid) and possibly, while
maintaining the State of Charge (SOC) of the main vehicle
traction energy storage battery. This higher energy efficiency
may allow the mobile power platform (e.g., the engine and/or
the vehicle chassis) to transfer high power. In one aspect, this
may be possible by avoiding the typical high heat rejection of
a standard internal combustion engine—e.g., usually because
of the inefficient control of engine power (e.g., throttling) or
the use of a single generator.

In one aspect, a vehicle may be designed with a large
enough battery pack to store enough energy to allow leveling
the load from a “prime mover” (e.g., an Internal Combustion
(IC) engine, a fuel cell, a Compressed Natural Gas (CNG)
engine or any other engine/mover that may rely on a fuel
source other than electricity, like gasoline, natural gas, any
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4

other carbon-based fuel or any liquid fuel). It will be appre-
ciated that any mention of one of these types of engines/
movers herein also applies to other engines/movers of this
description. Due to the large traction battery of PHEV
designs, it may be desirable and/or possible to operate the
engine at a much higher efficiency and thus incurring much
less heat rejection by using the batteries to absorb and deliver
continuous power to the load.

FIG. 1A is one example of vehicle that may be suitable for
the purposes of the present application. Vehicle 100 may
comprise a controller 102 having sufficient processor(s) and
computer readable storage media having computer readable
instructions stored thereon to control the vehicle as further
described herein. Vehicle 100 further comprises a power-
train—e.g., IC engine 108, clutch 110, motor-generator
(MG1) 112, clutch 114, motor-generator 116 that may trans-
fer some portion of'its power to a set of wheels 118 for motive
power of the vehicle. FIG. 1B is another example of a portion
of the vehicle’s powertrain that employs multiple motor-
generators—e.g. MG2 (116a), MG3 (1165), MG4 (116¢),
etc. that may provide efficient variable electrical power as
load demands vary on AC load 132.

As may be seen, many components may send signals to
and/or receive signals from controller 102. For example, the
dotted lines indicate some lines of possible signal paths from
controller 102. Other components may also be under control
from controller 102—e.g., clutches 110, 114, and 117—
among other components.

Vehicle 100 may further comprise a DC Bus 124 for com-
munication of the powertrain with battery system 126 and
auxiliary system 128 for low power transfer to and from the
vehicle—e.g., for example, to and from power transfer to a
local grid for charging batteries 126. In addition, a higher
power DC/AC, AC/DC inverter 130 may also be in commu-
nication with the DC Bus 124—that, in turn, may be able to
connect with a high power AC power line 132 that is external
to the vehicle, as may be desired from time to time for power
utility repair vehicles or the like.

As will be discussed in greater detail herein, vehicle 100
may be employed to supply power to the grid—which may be
supplied—e.g., by the batteries and/or by the IC engine. Heat
dissipation is desirable, especially if the IC Engine is running
and supplying electrical energy to the grid (and especially if
the vehicle is stationary while doing so). Heat of the vehicle
may be controlled and/or dissipated in at least two paths: (1)
heat dissipated by a radiator 106 in thermal communication
with the IC engine and powertrain and (2) the emission of
heated exhaust products via various components (122)—e.g.,
catalytic converter(s), tailpipes and the like.

To aid in the heat dissipation, vehicle 100 may further
comprises one or more fans (e.g., fans 104 and 122) to provide
airflow to speed the dissipation of heat from the vehicle. Fan
104 may be provided to help dissipate heat away from the
radiator—while fan 122 may be provided to dissipate heat
away from the engine and/or exhaust system of the vehicle.
Such fans may be rated to supply a desired air speed (e.g.,
possibly 50 mph, more or less) in order to cool the vehicle as
though it were in motion at normal speed.

FIG. 2 depicts one example of a vehicle suitable to connect
to the grid. Vehicle 200 may comprises controller 102, battery
126, inverter 103 (to connect to external AC load 132).
Vehicle 200 may also comprise a Can Bus 204 that may
monitor vehicle temperature information in the various com-
ponents of the vehicles (e.g., IC engine, MG(s), coolants,
exhaust temp, etc.). Controller 102 having such heat and/or
temperature data may control internal coolants 206. In addi-
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tion, controller 102 may control an external water and/or air
heat management system 202.

In addition, vehicle 200 may be connected further to a
water supply 212 for additional cooling of the IC engine and
vehicle. The water supply 212 may be contained in an
onboard storage tank and/or externally supplied (e.g., by afire
hydrant or a garden hose, as the case may be). A port 208 may
be provides for ease of attaching such an external water sup-
ply to the vehicle. Another port (not shown) might be pro-
vided for out-flow of heated water or liquid, as desired. In
addition, spray nozzles 210 may be provided at desired loca-
tions at the vehicle (e.g., in the engine well, directed at the
engine and/or its block or directed towards the exhaust sys-
tem. By applying water to heated portions of the powertrain,
it may be possible to further dissipate heat by evaporation
and/or draining of heated water.

In many of the examples above, it may be desirable to have
the vehicle designed to have a thermal management system
(e.g., a system with either one or more airflow fans and/or
external coolant flow with possible ports and nozzles and/or
the like) with sufficient heat dissipation in order to keep the
vehicle and/or powertrain within desired temperature speci-
fications during continuous ENGINE ON operations for a
sufficient time period up to and through a point of temperature
equilibrium.

Examples of Vehicle Operation

As noted, many of the vehicles described herein may be
employed by utility power companies or the like that occa-
sionally may have the opportunity to connect such a vehicle to
an AC grid (e.g., either local and/or high powered grid). It
may also be desired that such a vehicle export power to the
local and/or high power AC grid for a variety of purposes
(e.g., diagnostics, power supply, etc.). FIG. 3 is a graph of a
typical electrical load for an exemplary portion of the grid for
which the vehicle may be dispatched to service. As may be
seen, power varies on a 24 hour cycle as shown. From mid-
night to morning (e.g., approximately 6 AM, or as a people
start demanding power from the grid), the electrical load may
approach a minimum load (Min). As the day progresses, the
power demand grows, e.g., past some average power (Avg)
level and increasing until some peak power (Peak) is
demanded by the grid. At some point during the evening, this
peak power diminishes back towards the Min level, as shown.

Apart from supplying a normal electrical load (as shown in
FIG. 3), a vehicle may be called upon to supply electrical
loads that are outside of the normal demand. Merely for
exposition, FIG. 4A depicts two power demand scenarios that
may be managed by the various vehicles described herein. In
a first case, curve 402 is depicting a lower power demand
scenario where the bulk of the power demand shows a low
power average over time. Such peaks may even rise beyond a
high power average at times. In a second case, curve 404
depicts a higher power scenario where the average demand on
the grid is closer to the high power average for that time. It
may be seen that curve 404 may occasionally peak over the
high power average (e.g. starting in and around dotted line
406). At this point, there may be desired to export power from
the vehicle to the grid to meet demand spikes. When the spike
in demand diminishes (e.g., as depicted as dotted line 408),
there may not be desired for extraordinary export power. In
one aspect, if the power demand is high, then it may be
desirable to operate the engine continuously. If the demand is
low, then the vehicle may operate on battery to supply power
much of the time.

FIG. 4B depicts one possible operational control method
that may be employed by the vehicle—e.g., to handle the
various exemplary power demands of the grid. During the
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times of substantially low and/or average power demand
(e.g., substantially at or below threshold 410), vehicle may be
able to export power primarily via its on-board battery pack.
During the occasional spike in demand (e.g., between lines
406 and 408), the vehicle may turn ON the IC engine to
supply the peak power demanded for that time and/or to
recharge the batteries, as desired.

During the times of higher average power demand (e.g. at
or above threshold 410), the vehicle may be in a transitional
state—e.g., in which the vehicle may need to rely on operat-
ing the IC engine more often to supply peak power demands.
At some threshold (e.g., 412), the power demanded may be so
great that the vehicle may enter a mode in which the IC engine
is running substantially continuously in order to meet peak
and/or average power demand. Between thresholds 410 and
412, the vehicle may transition between an “All IC Engine
ON” regime and “Occasional IC Engine OFF” states.

To determine in which state the vehicle operates, vehicle
may be able to receive signal indications from the grid. In one
aspect, the vehicle may be able to employ power sensors (not
shown) that sample and/or monitor the level of power
demanded on the grid and the quality of that power on the
grid. In one aspect, such information may be transmitted to
the vehicle by other components connected to the grid and/or
the power company. In either case, such information may be
received, inputted and/or employed by the controller of the
vehicle to control the operation of the vehicle.

FIG. 5 depicts a one example of a connection that that a
vehicle may make to the grid in order to diagnose and/or
supply power demand. The dotted line substantially depicts
where the vehicle (in the direction of 504) connects with the
grid (in the direction of 502). Vehicle may comprise many of
the previous mentioned components (as well as others)—e.g.,
controller 102, inverter 130, CAN bus 501 providing commu-
nication between the controller and inverter, a DC Bus 503
supplying electrical power and communication between the
inverter and battery pack 126, MG1 112, MG2 116 and IC
Engine 108.

In operation, the vehicle may connect its inverter to the grid
(in the direction of 502). The grid itself may comprise an AC
power plant 508 and other AC loads 510. These loads may
feed into a more local grid 512—where the vehicle may
supply loads to the grid. In addition, the vehicle may monitor
or otherwise become aware (e.g. receive signals) regarding
trouble spots in the power line 505. Trouble spots on the grid
may mean that there is more opportunity to vary the opera-
tional modes of the vehicle—e.g., to better handle any tran-
sient issues for power supplied to utility customers.

FIG. 6 depicts one exemplary flowchart for power mode
management for the many of the vehicles mentioned herein.
At 602, the vehicle/controller may receive indication and/or
signals regarding load demand on the grid—e.g., where the
vehicle has connected to the grid. These signals/indications
may be from on-board power sensors, sampling load
demands—or may be supplied by the grid itself—e.g., in the
form of metadata or the like.

These signals may dynamically change over time to indi-
cate (or otherwise correlate) whether and/or how much power
is needed to be supplied to the AC power line, whether and/or
how much power may be drawn from the AC power line to
recharge the batteries of the vehicle, whether there is a tran-
sient power demand of the AC power line that may be sup-
plied either by the batteries or the prime mover/IC engine
(e.g., depending on efficiency considerations of the prime
mover and/or batteries). Thus, in one aspect, the flowchart of
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FIG. 6 may loop back to 602 to test/sample/calculate/estimate
load on a dynamic, substantially continual, regular, irregular
and/or periodic basis.

At 604, the vehicle may determine whether the inverter
may support/supply the load demand, or any portion (which
may be the entire load or a part thereof) of the load demand,
as noted. If not, a signal may be sent indicating “no” at 606.
Otherwise, the vehicle may set the demand on the DC Bus on
board at 608.

During operation, the vehicle may determine which opera-
tional state to be operating at 610. As mentioned in connec-
tion with FIG. 4B, there may be an opportunity to be in
Engine ON/OFF mode—or ENGINE ALWAYS ON mode
and/or state or other states as desired, depending upon the
satisfaction of one or more thresholds that may be dynami-
cally set and tested.

If the operational state/mode may allow battery usage to
supply power with its electrical energy, it may do so at 612. In
addition, the vehicle may be monitoring battery operating
statistics/data/parameters, e.g., State of Charge (SOC), cur-
rent flow, time of use, temperature—among others. If any
battery operating parameters may fall out of performance
thresholds, the vehicle may change operational states/mode
to use the IC engine at 614. This may be accomplished by
having the processing loop back from 612 to 610 (e.g., on a
dynamic, substantially continual, regular, irregular and/or
periodic basis) to assess any changes in battery operating
parameters.

The vehicle may operate and/or set the IC engine at 614 to
provide an amount of power which may be based on the load
power demanded by the grid—as well as battery charge
needs, as may be set by the operating parameters of the
vehicle.

At 616, the vehicle may determine the substantial optimum
efficiency of the IC engine (or other prime mover). In opera-
tion, it may be desirable to substantially operate the IC engine
on an Ideal Operating Line (IOL), thereby generating the
demanded power at substantially the highest possible effi-
ciency that the particular engine can deliver. The vehicle may
substantially set the operating characteristics of the prime
mover/IC engine accordingly (e.g., power, speed, torque,
etc.) at 618. It will be appreciated that other prime movers
(e.g., CNG, fuel cells, etc.) may have their own IOL and sets
of operating characteristics/parameters that may be con-
trolled for their optimization. In addition, the settings of the
prime mover may be dynamically adjusted/calculated/esti-
mated over time, depending on the dynamic load demands/
conditions and/or other transient conditions of power on the
AC power line.

In addition, if and/or when transient load variations on the
external AC load occur, the vehicle may respond to such
transients with the motor-generators (as opposed to the prime
mover/IC engine) since the instant power may be derived
from the battery pack substantially quickly, thus making for
even more efficiency and may tend to generate less waste
heat. The IC engine may then be allowed to change relatively
slowly as power demand is changed, supplying only the aver-
age power needed. This determination may allow the vehicle
to set the engine power, speed and/or torque at 618.

At 620, the vehicle may test and/or determine with the
power load demand is below any of the relevant thresholds, as
previously described herein. For one example, the dynamic
load demand may decrease to the point where available
charge in the battery is sufficient to supply the load demand.
In such a case, the vehicle may change modes to supply the
load demand by the battery. In this example, the vehicle may
return to determine what the operating state the vehicle
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should be in (at 610). Ifthere is no need to change modes, then
the engine may continue to be run at 622.

In one aspect, one operational state/mode may be to deter-
mine if there is dynamic load conditions exist (e.g., sufficient
power and/or quality of power) on the AC power line to
recharge the battery from the AC power line itself (e.g.,
instead of recharging the batteries from the prime mover).
This may be desirable e.g., during times when it is more
efficient to recharge the batteries than use the carbon-based
fuel.

FIG. 7 is one exemplary flowchart of a thermal manage-
ment system algorithm for the vehicle. When the vehicle is
supplying power from the prime mover, the vehicle may
monitor/sense/estimate and/or otherwise calculate the oper-
ating temperature of the prime mover and/or other portions of
the exhaust system, battery pack or other parts of the vehicle
that may generate heat.

At 702, the vehicle may determine with the power load
demanded in above a desired threshold. If not, then the
vehicle may employ the batteries at 704. Otherwise, the
engine may be employed at 706.

The vehicle may manage the heat in the radiator and/or the
exhaust system—either singly or in combination with each
other. At 708 and 710, the vehicle may measure, sample
and/or otherwise calculate the heat of the radiator and/or
exhaust, respectively.

At 712, the vehicle may predict the temperature with a
fixed and/or presently given flow of coolant in the radiator
and/or airflow over the radiator (where “flow of cooling”
means flow of coolant or air, either separately or together).
The vehicle may determine and/or predict whether the tem-
perature will stabilize at 714. If so, the final temperature may
be calculated/predicted and/or sampled at 716. The vehicle
may determine whether this final temperature is within a
desired range at 718. If not, then the vehicle may adjust the
temperature by adjusting the water/coolant flow rate (from
tank and/or external source) and/or the air flow rate (via fan)
at 720.

On the exhaust system side, the vehicle may predict, mea-
sure, sample, derive and/or calculate the temperature rise with
the presently available coolant flow to exhaust system at 724.
At 726, the vehicle may determine and/or predict whether the
temperature will stabilize. At 728, the vehicle may measure,
calculate and/or predict the final temperature—and deter-
mine/predict at 730 whether this is in within desired ranges
and/or parameters. If not, then the vehicle may adjust the rate
of flow of cooling (e.g., the water/coolant and/or air flow via
fans). On either side, the vehicle may determine when and
how much water/coolant to spray onto desired heated sur-
faces of the powertrain.

Other Aspects

In other aspects, the vehicle may use a controllable DC to
AC and AC to DC bi-directional inverter to convert electricity
generated by a liquid or gaseous internal combustion engine
or similar prime mover and a motor generator system con-
sisting of one or more generators feeding DC power to a DC
bus. The DC bus may serve to charge or discharge a large
battery pack used for traction purposes of Plug-In electric
vehicle as well as being used to feed the controllable bi-
directional inverter. The vehicle may use this system to
improve the energy conversion process as well as to minimize
the waste heat generated by the IC engine or prime mover.

The inverter may employ software that is controlled by a
CAN bus. This bus may allow the Inverter to transfer power
from a high voltage, high power DC bus to a high power AC
line in phase synchronous with the AC power line’s charac-
teristics in voltage and frequency. The CAN control bus may
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also allow the inverter to transfer AC power from the AC line
to the DC Bus to charge the batteries of the Plug-In hybrid
Electric Vehicle or drive and power auxiliary equipment on
the vehicle.

The power generation IC engine system may be operated
intermittently (e.g., On or Off) if the power demand is too low,
thus further lowering heat rejection and increasing efficiency
and lowering noise.

The water/coolant system for the IC engine may be rede-
signed to allow heat rejection while generating electric power
when the vehicle is stationary. This may be desirable, as there
may typically be a lack of cooling air because the vehicle is
stationary. Thus, additional cooling system may be desired.
For merely exemplary purposes, suppose 100 kW of electric
power is demanded. Then the IC engine may have to generate
about 120 kW of shaft power and the waste heat of the radiator
may be about 120 kW and the exhaust heat may be 120kW. In
this case, it may be desired that the radiator heat and exhaust
heat be carried away by air-flow or water-flow or water evapo-
ration, and/or any combination of the above.

The waste heat may be further managed by knowing, mea-
suring, sampling, deriving, and/or anticipating the expected
load requirements. For example, it may be known that the
peak load will occur at 4 pm while the minimum load will
occur at 1 am. This known information may be used to allow
the heat rejection system to be adjusted prior to the impending
event thus minimizing the temperature variation of the nor-
mal feedback control system. In this case, it is possible to use
the thermo storage capability of the cooling system to manage
the temperature rise and extremes of the electrical load duty
cycle. In addition, it may be possible to use the traction
battery system to help supply the load during the peak so that
the engine system is operated at a lower power (e.g., near the
average), thus aiding thermo management. The batteries may
be recharged from the IC engine during a future time at a low
power demand period but at a low charge rate to minimize the
battery losses and improve the battery life.

The IC engine power may be reduced to less than the
instantaneously demanded AC power based on limits of the
heat rejection system. The additional needed power will then
be taken from the battery system. The amount of energy
managed this way may depend on knowledge of the history of
the specific electric power line load.

The battery state of charge (SOC) control system may take
information from the AC power line and the IC engine con-
troller. In one case, if the battery SOC is below the needed
threshold then power from the AC line may be available if the
demand is low. This may allow less heat to desired to be
removed thus saving cooling system energy.

A Prime Mover (e.g., IC engine, Compressed Natural Gas
(CNG), fuel cell or the like) requiring carbon based fuel may
be operated on the Ideal Operating Line (IOL) as the batteries
may be able to supply the load during the high demand peri-
ods. This may tend to reduce the heat rejection system
requirements, and lead to higher efficiency of power genera-
tion from carbon based fuels.

The system may also employ a larger battery pack to be
added to the system if it is desired to increase the zero emis-
sion or zero noise time period of operation at any particular
time. For example, maybe it is desirable to have zero noise
electrical generation between 6 pm and 10 pm and this
requires a specified amount of kw-hrs of energy. In this case,
an auxiliary battery pack with such a specified amount of
kw-hrs of capacity may be added to the DC bus.

Battery maintenance control may be done by using electric
power from the bi-directional inverter system—as well as a
separate direct battery charger
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As noted herein, the vehicle may have two or more traction
electric machines to power the vehicle and provide the elec-
tricity for this high power inverter system, but the amount of
power needed from the carbon fueled engine may depend on
the efficiency of electric generation. The motors may not be
the same size. Thus, it may be desirable to select the combi-
nation of motors that may tend to lead to higher efficiency and
thus lower fuel consumption and also less heat rejection
needed from the IC engine or other style of prime mover such
as fuel cells or NG engines . . . .

During refueling of the vehicle while the vehicle is supply-
ing energy to an AC grid, the engine may be shut off to allow
additional fuel to be added safely. During this time, the AC
power will be supplied by the traction battery system.

Auxiliary Electrical Energy Generation

FIG. 8 is one example of a vehicle 800 that may generate
electrical energy from waste heat produced by the prime
mover and/or the exhaust system of the vehicle. Vehicle 800
may comprise all or some of the components mentioned in
connection with other vehicles described herein. In addition,
vehicle 800 may employ the water supply 212 (e.g., either
from onboard tank or external supply) to cool parts of the
prime mover and/or exhaust system 802. The water and/or
coolant may produce steam vapor (or be induced into another
phase, like a vapor) and pressurize a tank and/or container
804. The pressured steam and/or coolant vapor may then
drive a steam (or coolant vapor) engine 806 (and, possibly
producing exhaust water/coolant). This engine may in turn
drive a generator 808 that may supply electrical energy back
to the vehicle/grid and/or batteries, as desired.

What has been described above includes examples of the
subject innovation. It is, of course, not possible to describe
every conceivable combination of components or methodolo-
gies for purposes of describing the claimed subject matter, but
one of ordinary skill in the art may recognize that many
further combinations and permutations of the subject innova-
tion are possible. Accordingly, the claimed subject matter is
intended to embrace all such alterations, modifications, and
variations that fall within the spirit and scope of the appended
claims.

In particular and in regard to the various functions per-
formed by the above described components, devices, circuits,
systems and the like, the terms (including a reference to a
“means”) used to describe such components are intended to
correspond, unless otherwise indicated, to any component
which performs the specified function of the described com-
ponent (e.g., a functional equivalent), even though not struc-
turally equivalent to the disclosed structure, which performs
the function in the herein illustrated exemplary aspects of the
claimed subject matter. In this regard, it will also be recog-
nized that the innovation includes a system as well as a
computer-readable medium having computer-executable
instructions for performing the acts and/or events of the vari-
ous methods of the claimed subject matter.

In addition, while a particular feature of the subject inno-
vation may have been disclosed with respect to only one of
several implementations, such feature may be combined with
one or more other features of the other implementations as
may be desired and advantageous for any given or particular
application. Furthermore, to the extent that the terms
“includes,” and “including” and variants thereof are used in
either the detailed description or the claims, these terms are
intended to be inclusive in a manner similar to the term
“comprising.”
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The invention claimed is:

1. A vehicle for connecting to an Alternating Current (AC)
power line, the vehicle comprising:

a prime mover;

a first electric motor-generator, the first electric motor-

generator mechanically coupled to the prime mover via
a clutch;

a second electric motor-generator, the second electric
motor mechanically coupled to the first electric motor-
generator,

abattery, the battery electrically coupled to the first electric
motor-generator and the second electric motor-genera-
tor, the battery capable of receiving or supplying elec-
trical energy to the first electric motor-generator and the
second electric motor-generator;

an inverter, the inverter electrically coupled to the first
motor-generator, the second motor-generator and the
battery, the inverter capable of connecting to the AC
power line; and

a controller, the controller capable of supplying control
signals to the prime mover, the electric motor-generator,
and the electric motor such that the controller is capable
of dynamically affecting the flow of electrical power to
or from the AC power line;

wherein the controller further comprises a processor and a
non-transitory computer readable storage media, the
non-transitory computer readable storage media com-
prising instructions that, when read by the processor,
causes the vehicle to perform:

receive signals correlating to an electrical load demand on
the AC power line;

supply electrical power generated from the prime mover to
one of'the first and the second motor-generators via the
inverter to the AC power line when the electrical load
demand is not met by the battery;

determine optimum efficiency of the prime mover; and

dynamically set operating characteristics of the prime
mover to substantially operate the prime mover on the
Ideal Operating Line (IOL) of the prime mover.

2. The vehicle of claim 1 wherein the signals correlating to
the electrical load demand on the AC power line dynamically
changing over time.

3. The vehicle of claim 2 wherein the signal correlates to an
increase in the electrical load demand on the AC power line;
and

the non-transitory computer readable storage media com-
prising further instructions that, when read by the pro-
cessor, causes the vehicle to perform:

supply the increase in the electrical demand on the AC
power line with the battery when the prime mover is
operating substantially on the IOL of the prime mover.

4. The vehicle of claim 1 wherein the vehicle further com-
prises atleasta first airflow fan, the first airflow fan positioned
to dissipate heat from a radiator.

5. The vehicle of claim 1 wherein the vehicle further com-
prises at least a second airflow fan, the second airflow fan
positioned to dissipate heat from at least one of an engine and
an exhaust system.

6. The vehicle of claim 1 wherein the vehicle further com-
prises a port for an external coolant supply.

7. The vehicle of claim 1 wherein the vehicle further com-
prises an on-board coolant storage tank.

8. The vehicle of claim 1 wherein the vehicle further com-
prises a set of nozzles, the set of nozzles capable of spraying
coolant onto desired surfaces of one of an engine and exhaust
system.
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9. The vehicle of claim 1 wherein the vehicle further com-
prises a thermal management system, the thermal manage-
ment system comprising:

a coolant system;

at least one airflow fan; and

the non-transitory computer readable storage media com-

prising further instructions that, when read by the pro-
cessor, causes the vehicle to perform:

adjust flow rate in the thermal management system to sta-

bilize temperature of a powertrain when the prime
mover is supplying the electrical power to the AC power
line.

10. The vehicle of claim 9 wherein the thermal manage-
ment system further comprises a vapor pressure tank, a vapor
engine and a generator such that additional electrical energy
is generated and stored in the battery.

11. A method for connecting a vehicle to an AC power line,
comprising:

receiving, by a processor, signals correlating to a load

demand on the AC power line;

determining, by the processor, when the vehicle is capable

of supplying a portion of the load demands demand on
the AC power line;

determining, by the processor, dynamically whether the

portion of the load demand is to be supplied by using a
prime mover;

supplying electrical power generated from the prime

mover to at least one motor-generator via an inverter to
the AC power line when the load demand is not met by a
battery;

determining, by the processor, substantially an optimum

efficiency of the prime mover to supply the portion ofthe
load demand;

setting, by the processor, operating characteristics of the

prime mover to substantially supply the portion of the
load demand; and

dynamically adjusting, by the processor, the operating

characteristics of the prime mover according to dynamic
load conditions.

12. The method of claim 11 further comprises:

determining when the dynamic load conditions chance an

operating mode of the vehicle.

13. The method of claim 12 wherein determining when the
dynamic load conditions chance an operating mode of the
vehicle further comprises:

changing the operating mode of the vehicle from supplying

the portion of the load demand from prime mover to the
battery.

14. The method of claim 11 further comprises:

charging the battery from the AC power line according to

the dynamic load conditions on the AC power line.

15. The method of claim 11 further comprises:

determining an operating temperature of the prime mover;

predicting a temperature of the prime mover with a given
flow of cooling; and

adjusting a flow of cooling to the prime mover to substan-

tially operate the prime mover in a desired range.

16. The method of claim 11 further comprises:

determining an operating temperature of an exhaust sys-

tem;

predicting a temperature of the exhaust system with a given

flow of cooling; and

adjusting a flow of cooling to the exhaust system to sub-

stantially operate the prime mover in a desired range.



US 9,193,273 Bl

13

17. The method of claim 16 further comprises:

generating electrical energy from heat generated from at
least one of a coolant or a vapor generated from one of
the prime mover and the exhaust system.

18. A controller for controlling a vehicle to an AC power

line, comprising:

a processor configured to perform:

receiving signals correlating to a load demand on the AC
power line;

determining when the vehicle is capable of supplying a
portion of the load demand on the AC power line;

determining dynamically the portion of the load demand is
to be supplied;

supplying the portion of the load demand by the prime
mover via an inverter when the load demand is not met
by a battery;

determining substantially an optimum efficiency of the
prime mover to supply the portion of the load demand;
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setting operating characteristics of the prime mover to sup-
ply the portion of the load demand; and
dynamically adjusting the operating characteristics of the
prime mover according to dynamic load conditions.
19. The controller of claim 18 wherein the processor causes
the vehicle to perform:
charging the battery from the AC power line according to
the dynamic load conditions on the AC power line.
20. The controller of claim 18 wherein the processor causes
the vehicle to perform:
determining an operating temperature of the prime mover;
predicting a temperature of the prime mover with a given
flow of cooling; and
adjusting a flow of cooling to the prime mover to substan-
tially operate the prime mover in a desired range.
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